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DEMONSTRATION  OF  THE  ORIGIN  OF  HUMAN  MAST  CELLS  FROM  CD34+ 

BONE  MARROW  PROGENITOR  CELLS 

ARNOLD  S.  KIRSHENBAUM.1**  STEVEN  W.  KESSLER.1  JULIE  F.  GOFF."  and 

DEAN  D.  METCALFE* 

From  the  * Mast  Cell  Physiology  Section.  National  Institute  of  Allergy  and  Infectious  Diseases.  National  Institutes  of  Health 
Bethesda.  MD  20892:  'Allergy  Division.  Department  of  Medicine.  Homewood  Hospital.  Baltimore.  Ml)  21211:  'Immunobiology 
and  Transplantation  Department.  Naval  Medical  Research  Institute.  Bethesda.  MD  20889.  and  “ Division  of  Molecular 
I’irology  and  Immunology.  Georgetown  University  Medical  Center.  Rockville.  MD  20882 


It  has  been  established  that  murine  mast  cells  are 
derived  from  a  pluripotent  bone  marrow  stem  cell. 
In  humans,  the  corresponding  pluripotent  cell  is 
included  in  the  CD34+  bone  marrow  population.  To 
determine  whether  human  mast  cells  arise  from 
CD34*  human  progenitor  cells,  enriched  CD34+  cells 
were  cultured  over  agarose  surfaces  (inlerphase  cul¬ 
tures)  or  cocultured  with  mouse  3T3  fibroblasts  in 
the  presence  of  recombinant  human  (rh)  IL-3.  The 
presence  of  both  mast  cells  and  basophils  was  de¬ 
termined  using  a  variety  of  histochemical  and  im- 
munohistologic  techniques,  including  immunogold 
labeling  for  IgE  receptors  and  mast  cell  tryptase. 
Mast  cells  and  basophils  continued  to  appear  in 
cultures  when  T  cell,  B  cell,  macrophage,  and  eosin¬ 
ophil  committed  progenitor  cells  were  removed,  but 
were  not  seen  in  cultures  from  which  CD34+  cells 
were  removed.  CD34+  cells  layered  over  agarose  in 
the  presence  of  rhIL-3  were  shown  to  give  rise  to 
cultures  that  contained  mast  cells  (1  to  5%)  and 
basophils  (25  to  407c).  Cultures  supplemented  with 
rhIL-4  showed  no  additional  increase  in  mast  cells 
or  basophils.  CD34*  cells  cocultured  with  3T3  fibro¬ 
blasts  in  the  presence  of  rhIL-3  gave  rise  to  mast 
cells  within  the  fibroblast  monolayer,  which  by  6 
wk  comprised  up  to  467c  of  the  monolayer.  CD34- 
cells  on  3T3  fibroblasts  gave  rise  to  few  mast  cells 
(27o  of  the  monolayer).  Mast  cell  granules  from  in¬ 
terphase  cultures  contained  homogeneous  electron- 
dense  material.  In  contrast,  mast  cells  within  3T3 
monolayers  at  6  wk  contained  a  variety  of  granule 
morphologies,  including  scroll,  mixed,  reticular, 
dense  core,  or  homogeneous  patterns.  We  conclude 
that  both  human  mast  cells  and  basophils  arise 
from  CD34*  human  progenitor  cells. 

In  the  mouse,  mast  cell  progenitor  cells  have  been 
shown  to  originate  in  bone  marrow  and  form  colonies 
(OFU-S)  in  mouse  spleen  ( 1  -3).  These  mast  cell  progenitor 
cells  selectively  adhere  to  mouse  embryonic  skin  mono- 
layers  (4,  5).  express  niRNA  for  the  subunits  of  IgE  reeep- 
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tors  before  phenotypic  differentiation  (6.  7).  and  prolif¬ 
erate  in  the  presence  of  IL-3  and  IL-4  (8.  9). 

In  humans,  mast  cells  and  basophils  have  been  cul¬ 
tured  from  bone  marrow  in  agarose  interphase  cultures 
(10.  11).  Basophils  stained  metachromatically  and  had 
surface  IgE  recent  ore  [12).  as  did  mast  cc'D.  but  lacked 
tryptase  in  the  granules.  The  cell  of  origin  in  human 
marrow  giving  rise  to  basophils  is  believed  to  be  the 
CD34*  human  progenitor  cell,  since  CD34*  cells  cultured 
in  liquid  suspension  cultures  or  as  colonics  in  methylcel- 
lulose  give  rise  to  basophils  in  addition  to  other  cell 
lineages  (13-16).  Studies  to  date,  however,  have  not  es¬ 
tablished  the  origin  of  human  mast  cells  from  CD34* 
cells  and.  therefore,  the  relationship  of  CD34*  cells  to 
mast  cells  has  remained  speculative. 

Recently,  it  was  shown  that  human  cord  blood  mono¬ 
nuclear  cells  eocultured  with  mouse  3T3  fibroblasts  give 
rise  to  trvptase-positivc  cells  with  granule  ultrastructure 
characteristic  of  mast  cells  (17).  To  determine  if  CD34* 
cells  give  rise  to  mast  cells,  cultures  depicted  of  T  cell.  B 
cell,  macrophage,  or  eosinophil  progenitor  cells,  cultures 
of  highly  purified  (>9077  purity!  CI)34*  cells,  and  cultures 
of  CD34~  cells  were  examined  to  determine  if  these  cul¬ 
tures  gave  rise  to  mast  cells.  As  will  be  demonstrated, 
CD34*  cells,  and  not  those  committed  progenitor  cells  of 
theT  cell.  B  cell,  macrophage,  or  eosinophil  lineage,  give 
rise  to  both  mast  cells  and  basophils.  Cocultures  of  CD34* 
cells  with  3T3  fibroblasts  gives  rise  to  mast  cells  with  a 
variety  of  granular  morphologies  more  reminiscent  of 
mature  mast  cells. 

MA1KKIAI.S  AM)  METHODS 

Materials.  SeaKem  HE  agarose  (EMC  Hiol'nxlucts.  Hock  land.  ME). 
2-MH,  Fast  Blue  B  salt  (Sigma  Chemical  Co..  St.  Louis.  MO),  mono¬ 
clonal  anti-Lcu-5b  (0)2).  anP-i  cm  12  (CL)19).  anti-Lcu-16  (CD2G). 
anti-Leu-M3  (COM).  anti-HPCA-1  (Breton  Dickinson.  Mountain 
View.  CA).  penicillin-streptomycin,  i  -glutamine,  sodium  pyruvate, 
and  nonessential  amino  acids  (Flow  Laboratories.  McLean.  VA). 
heat-inactivated  FCS  (Grand  Island  Biological  Co..  Long  Island.  NY), 
high  glucose,  sodium  pyruvate  supplemented  DMKM2  (Irvine  Biolog- 
ieals.  Irvine,  CA).  heat-inactivated  bovine  serum  (Hvclonc.  Logan. 
UT).  rhIL-3  (5.000  U/ml  and  1 .4  x  10"  ll/ml)  and  rhIL-4  (20.000  U/ 
ml)  (Genzyme.  Boston.  MA).  Fieoll -Paque  (Pharmacia.  Piseatawav. 
NJ).  50-mni  tissue  culture  flasks,  llvmm  24-well  tissue  culture 
plates,  cell  scrapers  (Costar.  Cambridge.  MA).  100  mm  x  15  mm 
Petri  plates  (no.  1029).  35-mm  culture  wells  (Falcon.  Cockevsville. 

2  Abbreviations  used  in  this  paper  PM  MM.  Dulbecco's  muddied  Kaglrs 
medium:  complete  1040.  KPMI  1040  supplemented  4  him  i  -glutamine.  5 

x  10  5  m  2-MH.  1  him  sixlium  pvrm .  11/mt  neiildlltn .  ion  f 

slicptomvcm.  and  (I  I  nui  nonessrnu.il  amino  adds;  complete  PMKM. 
Diilixrro's  modified  Hade's  medium  with  high  glucose.  sodium  pvnivate 
and  IOC  l>ovine  senijir.  rh.  recombinant  imm.in 
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MD).  rabbit  complement  (<  Vdailanc  I.aboraloi  ns.  (Ontario.  Canada), 
and  3T3  Swiss  albino  fibroblasts  (American  Tvpc  Tissue  Culture. 
Rockville.  MD)  were  obtained  Irom  the  sources  indicated  All  other 
materials  were  ot  reagent  tirade  and  were  obtained  commercially. 

Preparation  of  soft  agarose.  A  soft  agarose  culture  system  using 
a  single  layer  of  agarose  overlaid  with  a  suspension  of  cells  was 
prepared  in  24-well  plates  (10.  11)  The  agarose  layer  in  each  well 
consisted  of  0.63  ml  composed  of  0  32  ml  of  complete  1640.  0.09  ml 
of  2x  concentrated  RPMI  1640.  0. 13  ml  of  heat-inactivated  FCS.  and 
0.09  ml  oi  a  3.37  (w/v)  stock  agarose  solution  in  distilled  water.  In 
experiments  performed  using  rhlL-3  alone  or  in  combination  with 
rhlL-4.  recombinant  factors  were  added  to  complete  1640  to  give  the 
appropriate  final  concentrations  The  agarose  was  allowi  d  to  equil¬ 
ibrate  at  37°C  in  57  CO;  for  1  li  before  use. 

Bone  rnarrow  cultures.  Human  bone  marrow  cells  were  obtained 
from  iliac  crest  aspirates  ol  patients  under  evaluation  for  mastocy¬ 
tosis  following  informed  consent,  ('ells  were  collected  into  10- ml 
plastic  syringes  containing  1  ml  of  preservative-free  heparin  (10O0 
U/ml).  diluted  1:6  in  complete  1640.  layered  over  FicoU-Paque,  and 
centrifuged  at  800  x  g  for  20  min.  The  mononuclear  cell  layer  was 
harvested  and  washed  four  times  with  complete  RPMI  1640  medium 
containing  1  7  heat-inactivated  FCS.  Cells  (2  x  10'’)  were  resus¬ 
pended  in  400  gl  of  complete  1640  with  107  heat-inactivated  FCS 
and  appropriate  concentrations  of  rhIL-3  alone  or  in  combination 
with  rhlL-4  and  layered  over  agarose  in  each  well.  Cells  within  each 
agarose-containing  well  were  fed  weekly  by  removing  approximately 
2uG  n\  u  U'e  fiuid  over  the  agarose  and  replacing  it  with  complete 
1 640  containing  107  heat-inactivated  FCS  and  appropriate  concen¬ 
trations  of  recombinant  factors.  Cells  were  harvested  by  gently 
pipetting  culture  media  several  times  over  the  .agarose  surface.  Total 
cell  counts  were  determined  weekly.  Mast  cell  and  basophil  numbers 
were  determined  on  Wright-Giems’a  stained  cytopreparations  (Shan- 
don.  Pittsburgh.  PA)  on  t tic  basis  of  morphology.  These  cell  counts 
were  confirmed  by  staining  sequential  slides  with  acid  toluidine  blue 
for  basophils  and  mast  cells  and  for  human  mast  cell  tryptase.  Cell 
counts  never  differed  by  more  than  5 7  and  thus,  routine  cell  counts 
determined  by  Wright-Giemsa-stained  sections  were  used  in  data 
analysis. 

Hlstochemlcal  stains.  Wi  .ght-Giemsa  cell  staining  was  completed 
using  an  automated  slide  stalncr  (Hematek:  Miles  Laboratories.  Mis¬ 
hawaka.  INI.  Toluidine  blue  staining  (pH  4.5).  which  stains  mature 
connective  tissue  mast  cells  but  not  mucosal  mast  cells  or  basophils, 
and  acidic  toluidine  blue  (pll  1.0).  which  stains  both  basophils  and 
all  mast  cells,  was  performed  as  described  on  slides  fixed  in  Mota's 
lead  acetate  (18-20). 

Antl-tryptase  staining.  Qualitative  tryptase  enzyme  determina¬ 
tions  of  cytocentrifuged  cell  preparations  were  performed  as  de¬ 
scribed  (21.  22).  Briefly,  slide  preparations  were  placed  in  Carboy's 
fixative  for  15  min.  rinsed,  and  exposed  to  goat  serum  for  2  h  at 
room  temperature.  The  slides  were  incubated  overnight  at  4°C  with 
monoclonal  mouse  anti-human  tryptase  iG3)  (1.76  pg/ml;  a  gift  of  L. 
B.  Schwartz,  Medical  College  of  Virginia.  Richmond.  VA).  washed, 
and  incubated  with  a  1:50  dilution  of  alkaline  phosphatase-conju¬ 
gated  goat  anti-mouse  IgG  for  1  h  at  room  temperature.  Slides  were 
developed  for  8  to  10  min  In  a  freshly  prepared  solution  of  fast  blue 
Roussln  s  red  (1  mg/ml)  In  0.1  m  Tris  MCI.  pi!  8.2.  containing 
naphtho!  AS-MX  phosphate  (0.2  mg/ml:  10  mg  of  naphthol  AS-MX 
phosphate  per  ml  dimethylformamide  stock)  Anti-tryptase  positive 
mast  cells  stained  blue.  Results  were  expressed  as  the  percentage  of 
cells  staining  positively  for  tryptase 

Select  ire  adherence  tpanniny)  oi  cells,  ('ells  expressing  T  cell 
(CD2).  B  cell  (CD19  and  (T)20).  eosinophil,  or  macrophage  (CD14) 
cell  surface  markers  were  removed  by  adherence  as  described  (13) 
Briefly.  Falcon  1029  culture  plates  were  incubated  overnight  at  4°C 
wilh  100  gg/ml  goal  anti-mouse  Igt.  in  10  ml  of  I'BS containing  0  17 
USA.  pH  9.5.  Bone  marrow  cells  (10  x  HI")  were  Incubated  with 
cither  ant !-( '1)2.  ant  PCD  19  anti  -( '1)20.  eosinophil  receptor  ant  ilwxly. 
4A  1  7  (a  gift  of  Dr.  Tom  Nutman.  National  Institute  of  Allergies  and 
Infectious  Diseases.  National  (nsliiules  ol  Health),  or  anti-CDl  4  for 
I  h  al  4T  .anti  then  washed  twice  witii  I’BS  Ant ibodv  treated  cells 
were  then  s  tspc tided  in  6  ml  ol  holler,  poured  onto  coated  plates, 
and  allowed  to  incubate  lor  2  fi  at  4  ('  with  gentle  mixing.  Non- 
adherent  t  ells  were  removed,  washed  twite,  and  allowed  to  adhere 
a  second  time  Nonadhcrcnt  t  ells  were  then  resuspended  in  complete 
media  wilh  19*"  lie.it-inaetii-.il>-.)  I  t'S  and  incubated  with  a  1:5 
dilution  of  rabbit  ('  for  1  h  at  37'V  Cells  remaining  after  Ivsis  were 

wastied.  resuspended  Iri  meet'- .  ■  -*>>  rl-u  -loa  '-•.dhu  u  ow  t 

again  -■  sen. hcs.  m  an  t  Apia  .....  ids.  flow-  mterofluoromet  rle  analy¬ 
sts  ol  bone  marrow  cells  In-tore  adherence  anti  after  Ivsis  was  per¬ 
formed  to  verify  the  removal  of  tin-  ('112.  Cl  >19  and  CD20.  4  A  1  7.  or 
<1)14  positive  cells 

1‘itrtlti  rttion  of  (7)34*  heinnpniet h  pmifenitor  cells  Cells  ex¬ 
pressing  tii>-  (  1)34  hcinopoirt i<  progenitor  t  ell  Ag  were  Isolated  troll! 


lioni-  marrow  inonouut  l>-ar  cells  hv  panning  in  initial  studies,  ami 
in  latei  studies  by  positive  imiuunomaguel if  selection.  For  enrich¬ 
ment  by  panning,  cells  were  un  iibated  with  mAh  MvlO  (anti-Hl’CA- 
I)  and  allowed  to  attach  to  plates  coated  with  goat  anti-mouse  igG 
(23).  Plates  were  gently  rinsed  four  times,  and  adherent  cells  were 
removed  with  a  cell  scraper  For  positive  immuiiomagnelic  selection. 
CD34*  cells  in  the  mononuclear  cell  suspension  were  rosetled  witii 
the  high  avidity  CD34  mAh  K6. 1  |24|  linked  to  magnetic  Dvnabearis. 
and  were  separated  by  attraction  to  a  rare  earth,  magnet  After  three 
to  four  successive  selections,  die  beads  were  detached  from  the 
0)34*  cells  (within  2  ti)  and  removed  magnetically  (25)  (S.  W.  Kes¬ 
sler.  manuscript  in  preparation!  h>  oilier  studies.  CD34*  cells  re¬ 
covered  by  this  inimunomagnetie  procedure  have  been  shown  to  be 
unaltered  phenolypicallv  with  respect  to  expression  of  surface  mem¬ 
brane  Ag.  including  0)34  |25],  Upon  rest. lining  with  My  10  antibody 
(HI’CA-1)  and  isotvpc-spccilie  secondary  antibody,  and  flow  micro- 
fluorometric  analysis,  cells  were  consistently  >997  CD34".  In  al) 
experiments,  recovered  cells  were  cultured  over  agarose  surfaces  In 
ttie  presence  or  absence  of  rhlL-3.  or  in  combination  with  rh!L-4.  or 
coculturcd  wilh  mouse  3T3  fibroblasts. 

Coculturc  of  CD34'  cells  until  3T3  fibroblasts.  A  modification  of 
a  previously  described  method  was  used  in  the  coculturc  of  highly 
enriched  CD34*  human  progenitor  cells  with  Swiss  albino  mouse 
3T3  fibroblasts  (26-28).  Briefly.  3T3  fibroblasts,  suspended  in 
DMEM  supplemented  with  107  bovine  serum  (complete  DMEM), 
-vere allowed  togrow  toconfluency  as  a  monolayer  on  50-mm2  plastic 
flasks  or  35-mnr  plastic  well  surfaces.  Approximately  1  to  2  x  106 
CD34*  cells  per  ml  complete  DMEM  were  layered  over  3T3  mono- 
layers  and  allowed  to  incubate  for  72  h.  Nonadhcrcnt  cells  were 
poured  off.  and  Hie  remaining  adherent  cells  were  cultured  In  com¬ 
plete  DMEM  containing  200  U/ml  rhlL-3.  IgKrs  igift  of  Henry  Metzger. 
M.D..  National  Institute  of  Arthritis  and  Musculoskeletal  and  Skin 
Diseases.  National  Institutes  of  Health)  was  added  to  the  media  at  a 
concentration  of  5  jig/ml.  since  murine  IgE  has  been  shown  to 
augment  the  proliferation  of  IL-3-induced  murine  mast  cells  In  the 
presence  of  IL-3  (29).  Half  of  the  culture  media  were  removed  weekly 
and  replaced  with  complete  DMEM  supplemented  with  appropriate 
concentrations  of  rhlL-3  and  IgE^.  Cultures  were  harvested  at  6-  to 
8-wk  Intervals  and  prepared  for  electron  microscopy. 

Electron  microscopy  and  irnmunohistochcmlstry.  Cell  prepara¬ 
tions  were  labeled  first  for  the  presence  of  IgE  receptors  and  subse¬ 
quently  prepared  for  electron  microscopy  and  tryptase  labeling. 
Thus,  cells  in  interphnse  cultures  were  harvested,  resuspended,  and 
centrifuged  twice  with  I'BS  containing  0.17  BSA.  Cells  were  Incu¬ 
bated  with  10  <ig/mf  human  lgE(-s  for  30  mtn  at  37°C.  with  control 
cells  incubated  in  buffer  alone.  The  cells  were  next  centrifuged  and 
Incubated  with  goat  anti-human  IgG  coniugated  to  10-nm  gold  par¬ 
ticles  for  30  min  at  room  temperature.  Cell  suspensions  were  then 
fixed  In  a  mixture  of  27  paraformaldehyde  and  1 .57  glutaraldehyde 
In  0.1  m  sodium  cacodylate  buffer.  pH  7.3.  for  3  h  at  room  tempera¬ 
ture.  Following  centrifugation  with  cacodylate  buffer,  the  cells  were 
suspended  in  warm  27  agarose  and  centrifuged.  Cell  pellets  were 
post-fixed  1  h  at  room  trmpcraUne  In  cacodylate  buffered  17  OsO,. 
dehydrated  in  a  graded  ethanol  series,  and  embedded  In  EM  bed 
812/Aralditc  502.  Thin  sections  were  cut  and  mounted  on  uncoated 
nickel  grids.  For  tryptase  labeling,  sections  on  grids  were  placed  on 
a  0.56  m  (saturated)  aqueous  solution  of  sodium  metapertodate  for 
70  min  at  room  temperature,  rinsed  with  l’BS,  and  incubated  with 
cither  normal  goat  serum  nr  goat  IgG  (0  5  mg-'ml)  1  h  at  room 
temperature.  Grids  were  Incubated  overnight  at  4rC  with  antitryp- 
tase  (G3)  (48  jig/ml)  in  PBS  containing  0.17  BSA.  Sections  were 
washed  5  min  each  with  0  5  m  Tris  pH  7,2.  Tris-buffercd  saline, 
and  Tris  containing  0.27  BSA  Sections  weie  placed  on  Tris  con¬ 
taining  1  7  BSA.  pH  8.2.  for  5  nun  followed  by  goat  anti-mouse  IgG 
conjugated  to  5-nm  golu  particles  for  1  h  at  room  temperature. 
Sections  wen-  wastied  5  mm  cacti  in  Tris  eont.uning0.27  BSA.  Tris- 
buffercd  saline,  and  watei.  Conliols  included  incubation  with  pre- 
Inimiine  IgG  and  omission  ol  t lie  primary  nntilxxlv.  Sections  were 
stained  for  15  min  with  aqueous  muiivl  acetate  and  examined  with 
a  Phillips  300  electron  microscope 

Coculturcd  (7)34*  and  313  cells  were  labeled  and  processed  in 
silii  to  preserve  the  relationship  between  adherent  mast  cells  and 
fibroblasts.  Labeling  and  processing  ol  coculturcd  cells  was  as  dc- 
scrilx-d  lor  iiiterphasr  cultures.  Uriel ly.  O  5-,.m -thick  sections  were 
cut  and  stained  with  acid  toluidine  blue  Sections  containing  cells 
that  stained  ...  i.-x-hrnnvt:  ally  \v  .  iiiin  s>  cuonrd  and  labeled  for 
trvptase  and  examined  hv  electron  microscope 

1,1  SCI  !  '- 

As  shown  previously  (10.  11).  mast  cells  and  basophils 
developed  from  human  hone  marrow  cells  cultured  over 
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agar  or  agarose  surfaces  in  the  presence  of  rhIL-3.  To 
determine  whether  basophils  or  mast  cell  numbers  in 
culture  were  affected  bv  the  removal  of  other  committed 
progenitor  cells.  T  cells,  B  cells,  and  macrophages  were 
selectively  removed  using  mAb  to  CD2,  CD  19  and  CD20. 
and  CD14.  respectively,  and  complement  lysis.  Eosino¬ 
phils  were  removed  using  the  mAb  4  A 1 7  and  complement 
lysis.  Remaining  cells  were  then  cultured  over  agarose 
surfaces  in  the  presence  of  rhIL-3  and  examined  weekly. 
Cytocentrifuged  preparations  of  cultured  cells  were 
stained  with  Wright-Giemsa  and  toluidine  blue,  and  were 
examined  for  the  presence  of  trvptase-positive  cells.  Mast 
cells  and  basophil  numbers  were  not  significantly  af¬ 
fected  by  the  removal  of  committed  T  cells.  B  cells,  mac¬ 
rophages.  or  eosinophils  (Fig.  1 .  A  and  B).  Mast  cells  and 
basophils  were  effectively  removed  from  culture,  how¬ 
ever,  when  CD34*  (My-1 0+)  progenitor  cells  were  depleted 
from  bone  marrow  cells  by  panning  (Fig.  2,  A  and  B).  The 
remaining  CD34*  cells  differentiated  predominantly  into 
macrophages  with  no  appreciable  increase  in  total  cell 
number. 

To  decrease  the  contaminating  cells  in  the  progenitor 
cell  population  and  determine  the  extent  of  growth  of 
mast  cells  and  basophils  from  CD34*  cells,  highly  puri¬ 
fied  preparations  of  CD34+  progenitor  cells  (>99%  CD34+) 
were  obtained  using  immunomagnetic  positive  selection. 
Cells  purified  in  this  manner  were  detached  from  mag¬ 
netic  spheres  and  cultured  over  agarose  surfaces.  Mast 
cells  averaged  1  to  5%  and  basophils  averaged  25  to  40% 
of  total  cell  numbers.  Mast  cells  appeared  morphologi¬ 
cally  Identical  to  those  cells  obtained  (n  earlier  experi¬ 
ments  with  unenriched  and  enriched  panned  bone  mar- 


I- h/urc  I  C.rowth  of  hum. in  b.isopliils  (A]  :ind  111.1st  cells  |H)  nflcr 
*i«*lrrtivr  »1c|)!clion  of  T  cell.  H  coll.  ni;u*roph;igr .  or  eosinophil  rommlftotl 
precursors.  Basophil  ;itul  must  coll  nmnl)rrs  wore  unaffected  by  removal 
of  precursors  Average  of  two  experiments 
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Cultured  My- 10'  cells  differentiated  primarily  Into  macrophages,  with  no 
appreciable  Increase  In  total  cell  numbers  |data  not  shown).  Average  of 
two  experiments. 


row  preparations  (Fig.  3)  and  peaked  in  number  by  2  to 
3  wk  (Fig.  4.  A  and  B).  The  addition  of  rhlL-4  500  U/ml 
did  not  increase  basophil  and  mast  cell  numbers  over 
those  obtained  with  rhIL-3  100  U/ml  alone.  Cells  were 
stained  for  the  presence  of  surface  IgE  receptors  and 
tryptase  within  granules  using  10  nm  and  5  nm  size  gold 
spheres,  respectively.  In  all  cultures,  basophils  had 
smooth  surfaces  bearing  IgE  receptors  and  granules  con- 
taining dense  flocc  ulent  material  but  no  tryptase  (Fig.  5). 
Agarose-cultured  mast  cells  had  surfaces  with  cyto¬ 
plasmic  extensions  and  stained  positive  for  IgE  receptors 
(Fig.  6).  Mast  cell  granules  contained  homogeneous  elec¬ 
tron-dense  material  and  stained  positive  foi  tryptase  (Fig. 
0.  inset) 

To  further  examine  whcihei  mast  eHU  arise  from 
CD34*  cells.  CD344  cells  were  next  cocultured  with  3T3 
fibroblasts,  known  to  permit  mast  cell  differentiation 
(17).  After  6  wk  in  culture  ;n  the  presence  ef  rh'f  3  an.  ) 
IgE,-,.  adherent  CD34*  cells  gave  rise  to  metachromati- 
cally  staining  cells  resembling  tissue  mast  cells.  Approx¬ 
imately  4(5%  of  coeultured  CD34"  cells  were  toluidine  blue 
positive  al  ter  6  wk  in  culture,  whereas  approximately  2% 
of  coeultured  CD34'  cells  stained  positive.  Mast  cells  in 
CD344  cocultures  were  spindle  or  oval  shaped,  had  irreg- 
ular  surfaces  with  cytoplasmic  extensions,  and  contained 


Y 


Figure 3.  Light  micrographs  of  Iryplasc-posiUve  mast  cells  .is  cultured  from  CIXM*  cells  in  the  presence  of  rhIL  d 


</) 


O 


CO 

< 

2 


Ftgur*'  i  (jr«.»w\h  'V!  J '}  p.'.H  ».<;  i  *  eJK  m  iJie  pie>«  in  e  ol 

rhlh  A  .done  and  in  mmhinut  mu  with  t  h!'  1  V»  mu:  lit  i«  ant  dithien*  e^ 
In  the  immiKTsol  h.isnphiK  (A)  and  m.iM  (  IK;/')  wen  noted  when  till! 

3  ,,,.!  *  .  me  \<  ...  .  <  JK  .n?  '•■trnl  luted  min 


macrophages  with  no  inue.isc  in  total  i  »•'!  n:::nhet^  'data  not  shown) 
Average  ot  two  experiments 


numerous  electron-dense  gr. mules  (Fig  7.  .A  .ind  H).  Cell 
ular  surfaces  stained  heavilv  lor  lull  (Fig.  7,  ms <>f).  Gian 
ides  labeled  for  trvplase  and.  on  nit  last  met  ural  exami¬ 
nation.  contained  scroll  mixed,  reticular  nr  dense  core 
patterns  found  in  mature  human  mast  cells  |Fig  -s! 


Figure?).  Klcctron  micrograph  of  a  basophil  demonstrating  10  nm 
Hold  surface  labeling  for  I oK  l)ut  no  labeling  for  granule  associated  tryp* 
tase  |*  9. 400)  Inset  10  nm  gold  surface  labeling  for  IgK  (x  31 .900). 


Human  CD3-1'  progenitor  cells,  therefore,  eould  also  be 
shown  to  give  rise  to  human  mast  cells  when  eocultured 
with  3T3  fibroblast  monolayers. 

DISCUSSION 

In  rodents,  it  has  been  demonstrated  that  mast  cell 
precursors  are  found  in  hone  marrow  and  can  give  rise 
to  distinct  mast  eel!  colonies  in  spleen  (CR.f-Sj  when 
precursors  are  infused  intravaseularlv  in  mice  (1-3). 
These  same  precursors,  grown  in  liquid  suspension  cul¬ 
tures.  can  give  i  ise  to  mueosal-like  mast  cells  in  the 
presence  ol  mouse  II.-3  alone  or  t  vpiea!  connect  ive  t  issue  - 
like  mast  cells  when  precursor  cells  are  cultured  in  the 

nn-si-ne'-  '•  y  a  ■  i  1 1  -4  f  SI  or  ovr  !  i! i  miasi  i>  a  :  e'i.i  v<  ; . 

(b].  As  would  he  expected,  mast  eel!  precursors  ha\  e  been 
shown  to  in  igiuate  t  mm  a  common  pluripotent  stem  cell 
(T  hy  1  " ).  which  can  give  rise  to  other  committed  progeni¬ 
tor  cells  (7)  In  humans,  it  has  been  speculated  that  mast 
cell  progenitors  also  exist  in  the  hone  marrow,  derive 
their  origin  from  a  common  stem  cell,  and  mature  in  the 
tissue  under  the  influence  ot  evtokines  and  the  tissue 
microenvironment.  Human  hone  marrow  cells  cultured 


Figure  6.  Electron  micrograph  of  an  Interphase  cultured  mast  cell  |X 
10.400)  Inset :  Mast  cell  granule  labeled  with  5  nm  gold  for  trvptase.  The 
granule  contains  homogeneously  dense  material  (X  42.300). 


in  liquid  suspension  culture  or  methylcellulose  have  been 
shown  to  give  rise  to  basophils  (13.  16).  but  their  ability 
to  generate  mast  cells  has  not  been  examined. 

More  recently,  it  has  been  shown  that  small  numbers 
of  tryptase  positive  mast  cells  could  be  cultured  from 
human  bone  marrow  cells  over  agarose  surfaces  in  the 
presence  of  rhIL-3  (10.  11).  Similarly,  cord  blood  mono¬ 
nuclear  cells  have  been  shown  to  give  rise  to  mature  mast 
cells  when  cocultured  with  mouse  3T3  monolayers  (17). 
The  question  we  asked  was  whether  cultured  human 
mast  cells  originate  from  pluripotent  (CD34*)  progenitor 
cells  found  in  human  bone  marrow  or  some  other  com¬ 
mitted  cell  lineage.  The  bone  marrow  samples  studied 
were  obtained  from  patients  under  evaluation  for  mas¬ 
tocytosis.  This  might  conceivably  affect  cell  numbers, 
but  not  their  origins.  Data  obtained  using  bone  marrow 
cells  depleted  of  either  T  cells.  B  cells,  eosinophils,  or 
macrophages  revealed  that  the  numbers  of  mast  cells 
and  basophils  appearing  in  culture  were  unaffected  (Fig. 

1 .  A  and  H).  suggesting  that  mast  cells  and  basophils  did 
not  arise  from  committed  T  cell.  B  cell,  eosinophil,  or 
macrophage  progenitor  cells.  Furthermore,  bone  marrow 
cells  depleted  of  CD34*  cells  by  the  adherence  (panning) 
method  did  not  gne  rise  in  mast  cells  or  basophils  (Fig. 

2.  A  and  D).  In  contrast,  highly  purified  collections  of 
progenitor  cells  (>9!T7  (3)34 ')  obtained  using  iinimmuni- 
agnetie  selection,  when  cultured  ox  er  agarose  surfaces  in 
*  he  presence  of  rhIL-3.  gave  rise  to  large  numbers  of 
basophils  and  smaller  numbers  ol  t  ryptase  posit  ive  mast 
cells  (Fig.  3.  A  and  If).  No  additional  increase  in  cell 
numbers  occurred  when  Cl )3-J  ‘  cells  were  cultured  in  the 
presence  of  rhIL-3  and  rhll.-  l  (Fig  4.  A  and  /?). 

Mature  tissue-derived  mast  cells  have  been  shown  to 
have  unique  granule  ultrastruclure  consisting  of  scroll. 


Figure  7.  Electron  micrographs  of  ('('cultured  mast  cells.  (.4.  >  S.flOO: 
/>.  x  5.000)  Inset.  10  tint  gold  surface  labeling  for  IgK  (x  01,200).  I. 
fibroblast:  me.  mast  cell. 

also  contained  granules  with  one  or  more  of  these  pat¬ 
terns.  interphase  culture  and  3T3  coculture  derived  mast 
cells  were  harvested  at  3  and  6  xvk.  respectively,  and 
examined  using  electron  microscopy,  lntcrphasc  cultured 
mast  cells  had  granules  filled  with  homogeneous  elec¬ 
tron-dense  material  similar  to  granules  seen  in  immature 
tissue  mast  cells  and.  in  some  cases,  mature  skin  mast 
cells  (Fig.  6).  I  Jsing  immunogold  labeling,  these  mast  cells 
could  be  shown  to  have  surface  labeling  for  IgK  receptors 
simultaneous  with  the  demonstration  of  labeling  over 
granules  for  tryptase  (f  ig.  6.  inset).  More  strikingly,  re¬ 
cultured  mast  cells  not  only  labeled  for  IgK  and  tryptase. 
but  had  a  variety  of  granule  morphologies  including 
scroll,  mixed,  reticular,  dense  core,  or  homogeneous  pat¬ 
terns  found  in  mature  human  mast  cells  within  tissues 
(Figs.  7.  A  and  II.  and  8). 

Thus,  human  ('1)3-1'  progenitor  cells  give  rise  to  mast 
cells  and  basophils  Mast  cell  granule  ultrastnutur.il 
diversity  including  scroll  patterns  were  seen  only  in  mast 
cells  arising  from  ( 'I  )31 '  id  Is  cocnlturcd  over  mouse  3T3 
lihrohlast  moii'ilavcrs.  Our  data  arc  consistent  w’lh  the 


particulate,  dense  core,  or  reticular  patterns  (30.  3 1 )  To  .-incept  tbit  committed  mas'  cell  progenitor  cells  uri'-c 
determine  whether  cull ured  t  rvpt.ise  positive  mast  cells  in  vivo  in  the  hone  marrow  I  mm  1 3)3  !  ‘  pluripineni  pm 
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Figures.  Electron  micrographs  of  cocultured  must  cell  granules  Pat- 
terns  A.  scroll.  B.  mixed.  C.  reticular;  D.  dense  our;  and  F.  mast  cell 
granules  labeled  with  5  mn  gold  for  tryptase  (x  40.000) 


Monitor  cells  and  mature  in  tissues  under  the  iutlucnec 
of  connective  tissue  cells. 
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